Pervasive
Developmental Disorders (PDD) (American Psychiatric Association, 2000) . These criteria include deficits in communication and reciprocal social interaction, and the presence of restricted interests or stereotypic behaviors. The term Autism Spectrum Disorder (ASD) is a broader category, inclusive of individuals with autism and those having the same core deficits to a lesser degree of severity (Tanguay, 2000) . This latter group includes children diagnosed with Pervasive Developmental Disorder -Not Otherwise Specified (PDD-NOS) and Asperger's Syndrome (American Psychiatric Association, 2000) .
While the etiology of ASD is unknown, there is some evidence for an association with immune dysfunction (van Gent, Heijnen, & Treffers, 1997) . There are reports that children with ASD have abnormalities in the peripheral blood cells and cytokines that mediate both innate and adaptive responses (Connolly et al., 1999; Croonenberghs, Bosmans, Deboutte, Kenis, & Maes, 2002a; Gupta, Aggarwal, Rashanravan, & Lee, 1998; Jyonouchi, Sun, & Itokazu, 2002; Singh, 1996; Warren, Foster, & Margaretten, 1987) . Within the adaptive immune response, elevated levels have been reported for both T H 1 cytokines, commonly seen in autoimmune disorders (Singh, 1996) , and T H 2 cytokines, as seen in atopic diseases (Gupta, Aggarwal, & Heads, 1998) . Elevated serum immunoglobulins (Croonenberghs et al., 2002b) and autoantibodies to neuronal elements (Singh, Warren, Averett, & Ghaziuddin, 1997 ) have also been reported in children with autism. In addition, Comi et al. reported that 66% of children with autism had at least one relative with an autoimmune disorder, compared to 50% of normally developing controls (Comi, Zimmerman, Frye, Law, & Peeden, 1999) . Sweeten and colleagues also reported a significantly higher mean number of autoimmune disorders in families of children with PDDs (1.87±1.6) compared to families of healthy controls (0.93±1.1) or children with known autoimmune disorders (1.44±1.5) (Sweeten, Bowyer, Posey, Halberstadt, & McDougle, 2003) . Croen and colleagues reported an increased occurrence of asthma and allergy in the mothers of children with ASD, as well as two autoimmune disorders, psoriasis and Type I diabetes (Croen, Yoshida, Odouli, & Grether 2004) .
The evidence for an association between the immune system and ASD is increasing, but no consistent pattern has yet been identified. While there is evidence to support ASD as an autoimmune phenomenon which is commonly associated with a cell-mediated, T H 1 response (Comi, Zimmerman, Frye, Law, & Peeden, 1999; Singh, Warren, Averett, Ghaziuddin, 1997; Sweeten, Bowyer, Posey, Halberstadt, & McDougle, 2003) there is also evidence that the disorder is associated with an allergic (T H 2) immune response (Lucarelli, et al., 1995; Gupta, Aggarwal, Rashanravan, & Lee, 1998) , or that ASD is associated with general dysregulation of the immune system (Gupta, Aggarwal & Heads, 1996; Jyonouchi, Sun, & Le, 2001 ). These conflicting results may be due in part to the underlying heterogeneity within ASD, a diagnosis based on observable clinical and historical findings. Within this clinically defined disorder there are likely to be distinctive subgroups that can provide more homogeneous samples for etiologic studies. Categorizations for some of these subgroups have been based on language skills (Bradford et al., 2001) , neurocognitive abilities (Tager-Flusberg & Joseph, 2003) or the presence of dysmorphic features (Miles & Hillman, 2000) . Another clinical feature with potential immunologic associations is a history of regression (Richler, et al., 2004) .
Regression is a phenomenon in which a child loses already established skills in communication or social interaction (Goldberg, et al., 2003) . It is reported to occur in 20-30% of ASD cases, most often between 18 and 24 months of age (Davidovitch, Glick, Holtzman, Tirosh, & Safir, 2000; Fombonne, 1999; Rapin & Katzman, 1998; Shinnar et al., 2001) , and is rarely seen in other developmental disorders. However, regression itself is, as yet, not clearly defined. Regression may involve loss of language, loss of other socio-communicative behaviors, or both (Goldberg et al., 2003) . The majority of children with ASD who regress do not have completely normal development prior to the regression (Lord, Shulman, & DiLavore, 2004; Siperstein & Volkmar, 2004) and classification into regressionnonregression groups is dependent upon the definition of regression.
Findings have been mixed on whether or not measurable differences exist between children who experience regression and those who do not. One retrospective review of home videotapes indicated that, at 12-18 months, children who experienced regression had better social behavior, gaze, expressive language and level of play when compared to children with ASD who did not experience regression (Goldberg et al., 2003) . In the Collaborative Programs of Excellence in Autism (CPEA) sample used for the current study, Luyster et al. found that children with regression were more likely than children with no regression to have early prosocial skills in the typical range (Luyster et al., 2005) .
Several investigators have reported a difference in cognitive ability between regression and nonregression groups at school age, finding lower mean IQ scores in children with a history of regression (Burack & Volkmar, 1992; Kobayashi & Murata, 1998; Kurita, Kita, & Miyake, 1992) . In their report citing no evidence for a new variant of MMR-induced autism, Fombonne and Chakrabarti found no differences between regression and nonregression groups on symptom severity as measured by ADI scores, but they did report a difference in cognitive functioning that approached significance, with 46.1% of children in the regression group having an IQ<70 compared to 21.5% of the nonregression group (p=0.08, Fisher's exact test) (Fombonne & Chakrabarti, 2001 ). Brown and Prelock (1995) also reported that individuals with autism and regression had poorer social skills later in life compared to those with autism and no regression.
Taken together, these findings suggest that a significant minority of children with ASD who experience regression may represent a reasonably homogeneous subgroup for further etiologic research. The purpose of this study was to determine if children with ASD and regression differed from those with ASD and no regression in the frequency of familial autoimmune disorders. Such group differences would support the continued investigation of regression as a marker for a subgroup within ASD with potential immunologic associations. Investigators at each of the CPEA sites enroll children with ASD into research studies on an ongoing basis. Data that are part of the standard CPEA evaluation include the Autism Diagnostic Interview -Revised (ADI-R) (Lord, Rutter, & Le Couteur, 1994) , the Autism Diagnostic Observation Schedule (ADOS) (Lord et al., 2000) , standard measures of verbal and nonverbal IQ, including the Differential Abilities Scale and the Mullen Scales of Early Learning, and demographic information.
METHODS
Subjects for this study were identified through the CPEA site databases, which included a total of 1592 children with an ASD diagnosis. Children were eligible for the study if they had a diagnosis of ASD, available records of assessments performed at or near the time of diagnosis, complete ADI-R, ADOS, verbal and nonverbal IQ scores within the last five years. Caretakers had to be available for a follow-up telephone interview, and the children had to be between the ages of 4 and 15 at the time of this interview. Specific selection criteria and methods for standardization across sites have been described previously (Luyster et al., 2005) . Since regression is reported to occur in approximately 30% of children with ASD, the design of the study required over sampling children who experienced regression to result in roughly equal groups of children with a history of regression and children with no history of regression. Attempts were made at each CPEA site to recruit all eligible children identified as having a history of word loss on their initial ADI-R. When enrollment of children with word loss exceeded enrollment of children with no word loss, the coordinating site (Michigan) maintained balance between group sizes by intermittent compensatory over sampling of children with no word loss at that site.
The caretakers of potential subjects were invited to participate in a standardized telephone interview designed for this study and administered by trained interviewers blind to the child's regression history. The interview collected additional information about the child's social and communication skill development and the medical history of the child and family. If there was a discrepancy between the initial ADI-R coding and the telephone interview in reported loss history, the original ADI-R protocol notes were reviewed and compared with the interview results. If the loss had been miscoded in the ADI-R (protocol notes confirmed loss but item coded as no loss) the child's classification for regression status was changed. If no supporting evidence in the original ADI-R was found to confirm the telephone interview, the classification was maintained.
A positive history of regression was defined as a loss of any previously acquired social or communication skills, based on all items from the initial ADI-R pertaining to loss of language or other social skills. A subset of the regression group was identified as experiencing word loss. This was defined as having at least three meaningful words used spontaneously on a daily basis for at least a month, followed by a period of at least a month in which no spontaneous language at all was produced.
In addition to other medical history items reported elsewhere (Richler, Luyster et al., 2005) , respondents were asked who, if anyone, in the child's biological family had a diagnosis of specific autoimmune disorders, including Type I Diabetes, Autoimmune Thyroid Disease (AITD), Connective Tissue Autoimmune Disease, Juvenile Rheumatoid Arthritis, Rheumatoid Arthritis, Multiple Sclerosis, Vitiligo or Inflammatory Bowel Disease (Crohn's Disease or Ulcerative Colitis) or any other autoimmune disorder. Only first and second degree relatives were included in the final analysis since caregivers were more likely to have accurate knowledge regarding the medical histories of immediate family members.
ANALYSIS
Two groups were defined by a history of regression established in accordance with the CPEA protocol. The Case group was defined as children with ASD and a history of regression. The Control group was defined as children with ASD and no history of regression. Within the case group we examined separately those children with and without word loss. Proportions in the two groups were compared using the v 2 statistic. Mean scores on standardized tests were compared using t-tests and Analysis of Variance (ANOVA). Unadjusted odds ratios were calculated for familial history of autoimmune disorder in general and for specific disorders in cases compared to controls. Potential covariates and confounders were identified, including age at ADI-R, race, gender, diagnosis (autism vs. other PDD), verbal IQ and maternal education. Maternal education was reported as (1) college graduate, (2) some college or associate degree, (3) high school graduate or (4) did not finish high school, GED. After demonstrating that groups 1 and 2 and groups 3 and 4 were similar, a dichotomous variable was created for maternal education: some college or no college.
Logistic Regression models were built to evaluate the contribution of each of the variables to the outcome measure of regression status. Variables that were associated with the regression outcome at the p £ 0.1 level, maternal education and diagnosis, were kept in the final models to calculate the adjusted odds ratios for familial autoimmunity. The potential effect modification (interaction) of familial autoimmunity by maternal education and familial autoimmunity by diagnosis were tested in the model and found not to be significant in relation to the regression outcome (p>0.2). Because 70% of the sample was recruited from the Michigan/Chicago/NC site, with a higher proportion (76%) of no word loss subjects (Table I) , CPEA site of enrollment was also included in the final model. To evaluate the impact of the classification status of the 35 children who experienced regression without word loss, analyses were repeated with those children removed from the dataset. All statistical analyses were performed using Statistical Analysis System (SAS) statistical package, version 8e (SAS Institute, Inc. 1999).
RESULTS
Complete data on regression status and familial autoimmune disorders were available on 308 children with ASD from 9 CPEA sites. Demographic information for this sample is shown in Table I . The majority of the subjects (70%) were recruited through studies conducted at the Chicago/NC/Michigan sites as part of the Yale CPEA. The response rate was evaluated at the Michigan site, where 55% of the families who were contacted chose to participate in the interview portion of the study (Luyster et al., 2005) . There were no significant differences between responders and nonresponders with regard to age, race, gender, diagnosis, maternal education or history of regression from original ADI-R. As reported by Luyster et al. 19% of children had discrepant information between the original ADI-R and the telephone interview. Forty-three (12.3%) children were reported to have word loss in the interview only. On review of original ADI-R data, 6 of these were reclassified. Twenty-three children (6.6%) were reported to have no word loss at the time of interview. After review, 5 of these were reclassified. Thus, following review of all available data, only 3% of the children had a change in regression classification from their initial ADI-R.
By design, one half of the children in this study (n=155) experienced regression. For 120 (39%) children, this regression included word loss. There were no significant differences between the 155 children with regression and the 153 children with no regression in regard to gender, race, IQ scores, diagnosis or age at first ADI. A history of regression was reported significantly more often by mothers with at least some college education (p=0.02), and the larger proportion of children experiencing regression who were diagnosed with autistic disorder approached significance (p=0.06) ( Table I) .
A total of 175 of the 308 families (57%) in the sample reported at least one first or second degree relative with an autoimmune disorder. Children with ASD and a history of regression were significantly more likely than children with no history of regression to have a first or second degree relative with an autoimmune disorder (Table II) . Among the probands themselves, one child had a history of JRA with no history of regression and one child had AITD with a history of regression. Six children had a diagnosis of inflammatory bowel disease. Of these, 5 had a history of regression. The association between regression and bowel symptoms in this study is reported elsewhere (Richler et al., 2004) . Of the eight specific autoimmune disorders included in the telephone survey, Type I Diabetes, AITD, Connective Tissue Disease, JRA, Rheumatoid Arthritis, Multiple Sclerosis, Vitiligo and Inflammatory Bowel Disease, only familial AITD was found to be a significant risk factor for regression in children with ASD with an odds ratio of 2.09 (95% CI=1.28, 3.41) adjusted for maternal education, diagnosis and site (Table II) . The odds ratio increased to 2.40 (95% CI=1.38, 4.20) if the AITD was reported to occur in a maternal first or second degree relative, ie. mother, maternal aunt or uncle, maternal half sibling or maternal grandparent. (Table III) . The relationship between regression and AITD in a maternal relative did not vary by the gender of the proband.
With increased specificity, comparing children with word loss (n=120) to children with no regression (n=153), the strength of association for any autoimmune disorder increased to an adjusted odds ratio of 2.16 (95% CI: 1.24, 3.56). For AITD the adjusted odds ratio increased to 2.36 (95% CI: 1.40, 3.99) for any relative and 2.96 (95% CI: 1.65, 5.30; p=0.0003) for a maternal relative.
DISCUSSION
In this large sample of well characterized cases of ASD where the definition of regression was standardized across established autism research centers, familial autoimmunity, specifically AITD was a significant risk factor for regression as defined here.
Previous case-control studies have found familial autoimmunity to be a risk factor for autism (Comi et al., 1999; Sweeten et al., 2003) . In our study we found that, in children diagnosed with ASD, a history of familial autoimmunity, specifically AITD is a significant risk factor for regression, suggesting that this group of children with ASD and regression may contribute substantially to the associations that have been described.
In this study, an association was found between a specific autoimmune disorder, AITD, and regression in children with ASD. Among all autoimmune disorders, AITD is the most common, with a prevalence estimate of 2-4% in women and 1% in men (Vaidya, Kendall-Taylor, & Pearce, 2002) . We did not find associations with any other specific autoimmune disorders, but even with an estimated 3100 total relatives in this study, we may not have had sufficient power to detect differences in the less common autoimmune disorders. The reports of an increased prevalence of AITD and other immune disorders among relatives of patients with rheumatoid arthritis (Walker, Griffiths, & Griffiths, 1986) , Type I Diabetes (Payami, Joe, & Thomson, 1989) , idiopathic inflammatory myopathy (Ginn et al., 1998) , multiple sclerosis (Broadley, Deans Sawcer, Clayton, & Compston, 2000) and JRA (Prahalad, Shear, Thompson, Giannini, & Glass, 2002) have been interpreted as evidence for a common polygenic risk factor that confers susceptibility to autoimmunity (Ginn et al., 1998) .
The increased risk for regression in children with ASD having a relative with AITD may also result from these genetic risk factors common to autoimmune disorders. Alternatively, there may be disease specific susceptibility allele(s) common to AITD and regression in ASD, or there may be alleles contributing separately to the disorders that are in linkage disequilibrium and track together in families. As these and other hypotheses of immune function in ASD are explored, the results of this study support the segregation of ASD cases by a history of regression as a way to improve sample homogeneity. In this study, the history of regression and familial autoimmune disorders were obtained through caregiver report, which is a limitation. However, the history of regression was based on the ADI-R that was conducted at the CPEA site at the time of diagnosis, minimizing reliance on recall of past events for classification of cases and controls. The history of familial autoimmunity was obtained through direct interview of the caregiver by telephone. The issue of selective recall of family history that can introduce a potential bias when comparing children with a condition such as ASD to healthy controls is also minimized in this study since both cases and controls had ASD, and were subject to the increased awareness of family history that may result from the diagnosis of a developmental disorder.
Because the nature of regression is not well understood, potential misclassification of the children with regression without word loss is another limitation of the study. When the 35 children with regression and no word loss were eliminated from the analysis, the proportion of children with familial AITD increased from 41 to 46% in the case group characterized strictly by word loss (n=120). This increased the adjusted odds ratio to 2.36 (95% CI: 1.40, 3.99).
Even as regression itself becomes better characterized through ongoing research, attention to the subgroup of children with ASD and a history of regression is warranted in studies of autoimmunity and immune function. With the diagnostic instruments now available, it is possible to confidently characterize more homogeneous samples of children with ASD with and without regression that can be compared for evidence of immune system dysregulation.
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